To obtain selective pesticides that are harmless to the predatory mite, Neoseiulus longispinosus, native to Thailand, we tested the toxicity of 29 pesticides on the predatory mite by the leaf-dip method. All pesticides were examined at the concentrations used in the fields of Thailand. The results immediately after dipping the leaf in pesticide showed that fenbutatin oxide, buprofezin, fenobucarb, imidacloprid, dinotefuran, validamycin, carbendazim and sulfur were selective pesticides, harmless to adult females, eggs and immatures of N. longispinosus. These chemicals are expected to be promising pesticides on IPM crops in Thailand, where N. longispinosus is the major natural enemy of spider mites.
INTRODUCTION
Many predacious phytoseiid mites are now used as biological control agents in various agricultural ecosystems (Chant, 1985) and are important predators of phytophagous mites in integrated pest management programs on outdoor and greenhouse crops (McMurtry and Croft, 1997; Van Lenteren and Woets, 1988) . Neoseiulus longispinosus (Evans) is one of the most abundant and effective phytoseiids in Thailand and is commonly associated with many mite pests on crops of economic importance (Kongchuensin et al., 2005) . Its role in suppressing populations of two-spotted spider mite, Tetranychus urticae Koch is evident on strawberry in northern Thailand (Kongchuensin et al., 2001) .
Pest control programs depending on application of broad-spectrum pesticides often produce various detrimental side effects. Such chemicals reduce stability in agroecosystem by destroying natural enemies, such as the effective phytoseiid, N. longispinosus. Therefore, it is important to use selective pesticides highly effective for controlling the target pests but less harmful to the phytoseiid predator to preserve, augment and utilize this phytoseiid in pest management.
The adverse effects of pesticides by the IOBC/WPRS-Working Group have been reported on several phytoseiid species in Europe, such as Phytoseiulus persimilis (Athias-Henriot), Typhlodromus pyri Scheuten, Amblyseius finlandicus (Oudemans) and A. potentillae (Garman) (Hassan et al., 1987 (Hassan et al., , 1988 , whereas in Asia most of toxicity studies were reported for N (=A.) womersleyi (Amano et al., 2004; Kim and Paik, 1996; Kim and Seo, 2001; Mochizuki, 2003) . The influence of abamectin on the biological performance of N. longispinosus in Malaysia was reported by Ibrahim and Yee (2000) . Singh and Singh (2005) reported the effects of some broad-spectrum insecticides used in India on the predator. Thus, the information on the side effects of pesticides has been limited for N. longispinosus.
The integrated pest management program setup by the Department of Agriculture in Thailand emphasizes the use of effective biological agents. Nevertheless, we have been unable to avoid pesticide applications on several crops, because no effective biological agents are available for controlling some serious sucking pests, such as thrips and white fly (Division of Entomology and Zoology, 2004) . Therefore, the use of phytoseiid predators must be accomplished, together with application of some pesticides.
The main purpose of this study was to examine the toxicity of the pesticides commonly used for IPM crops in Thailand in order to find the selective pesticides that are least detrimental on the native promising phytoseiid mite, N. longispinosus.
MATERIALS AND METHODS

Predatory mite population
The population of N. longispinosus used in this study was collected in strawberry fields at Chiang Mai Province, northern Thailand in March 2004. The predators were provided with Tetranychus truncatus Ehara as prey on excised mulberry leaves (Morus alba L.) placed on soaked cotton pad in plastic trays (25×30 cm) and were maintained in the laboratory (27-29°C: 60-80% RH: 14D: 10 L) at the Department of Agriculture, Bangkok, for 1 year without any exposure to pesticides until they were used for the experiment.
Pesticide
We examined 29 pesticides: i.e., 3 acaricides, 7 acaricide-insecticides, 14 insecticides, 4 fungicides and 1 fungicide-acaricide (Table 1) . Most of these pesticides are known to be currently effective against the subject agricultural pests in Thailand. Each pesticide was diluted to the recommended dose with distilled water for 500 ml. Control treatments were prepared only with distilled water.
Toxicity test
We performed two experiments to elucidate the toxic effect of pesticides on N. longispinosus: We examined the effect of residual pesticide immediately after application to the leaf by a bioassay (fresh residual test) and 7 days after application (7-day residual test).
1) Bioassay on fresh residual test
For the fresh residual test of adult females of N. longispinosus, we employed the leaf-dip method described by Croft and Nelson (1972) , Overmeer (1985) and Zhang and Sanderson (1990) , with some modifications. The mulberry leaves were trimmed with a cork borer (1.7 cm diameter) to obtain a standard size of leaf disc arena. Leaf discs were dipped in the test solution of each pesticide for 10 seconds while the solution was gently stirred to complete immersion. Then, using a forceps, the leaf discs were removed from the solution and placed vertically on tissue paper for a few seconds. The leaf discs were then dried for 30 min at room temperature (27-28°C) and were placed upper-side down on soaked cotton pad in 5.1×5.5×2 cm cell arenas in a plastic tray (Fig. 1) .
We first transferred 15 to 20 adult females of T. truncatus onto each leaf disc to serve as the prey of N. longispinosus, and then 10 gravid females (1-5 days' postmaturation) of the predator. To prevent the predators from escaping, we added water into the rearing cell until the leaf disc floated on the cotton pad. The predators were kept on the leaf discs under fluorescent light using a 14D: 10L photoperiod at 28±1°C and 70±10% RH. Twenty-four h later, some prey were supplemented, if necessary, to surviving predators. There were 5 replicates for each pesticide treatment and the control.
Mortality was recorded 48 h after treatment. Predatory mites that did not respond, when probed with a fine brush, were considered dead. Mites that drowned or escaped were excluded from the data. The toxicity effect of each pesticide on N. longispinosus was also evaluated according to the IOBC toxicity category (Hassan, 1994) .
The effect of fresh residual on the eggs and immatures of N. longispinosus was examined by dipping the leaf discs in each pesticide solution in the same manner as before (fresh residual test). Then, 10 eggs (1 day old) of N. longispinosus were transferred onto the leaf disc from the stock culture. Mortality of eggs and immatures that hatched from the eggs was recorded after 48 h. Egg mortality was based upon the distortion or shrinkage in egg shape and non-emergence (Streibert, 1981) . The mortality of immatures was assessed in the same manner as for adult females.
2) Bioassay by 7-day residual test
To examine the residual persistence of pesticides that were found harmful to N. longispinosus in the previous test, we exposed the adult females to residual pesticide 7 days after dipping the leaf in pesticide by the leaf-dip method as mentioned above (7-day residual test). The pesticides that were found harmless (<5% mortality) to N. longispinosus in the fresh residual test were not examined. We introduced 15 to 20 adult females of T. truncatus onto each leaf disc as prey and then 10 gravid females of N. longispinosus. The mortality of adult females was recorded 48 h later. The eggs and immatures of N. longispinosus were also examined using the 7-day residual test in the same manner as before.
Statistical analysis
Since adult female mortality occurred in the control group in the fresh residual test, Abbott's formula (Abbott, 1925) was applied to correct mortality in pesticide treatments before analysis. All mortality data were transformed to arcsine values and differences among pesticides were tested by the Tukey-Kramer test. Table 2 lists the percent mortality of adult female N. longispinosus exposed to fresh residual of 29 pesticides (fresh residual test) and IOBC categories. Based on the IOBC harmful (>99%) (Hassan, 1994) .
RESULTS
Fresh residual test
categories, the toxicity ranged from 1 (harmless) to 4 (harmful). Among 3 acaricides tested, mortalities by fenbutatin oxide and fenpyroximate were only 7.1 and 15.6%, respectively, which were not significantly different from the mortality in control. Among 7 acaricideinsecticides tested, buprofezin caused only 4.9% mortality to predators and was considered to be a harmless pesticide. However, the rest of them caused mortality higher than 49%, significantly higher than the mortality in control. In particular, 100% mortality resulted in amitraz. The results using 14 insecticides indicated that fenobucarb, imidacloprid and dinotefuran belonged to category 1 (harmless pesticide). Indoxacarb, tebufenozide and acetamiprid belonged to category 2, while etofenprox, cypermethrin, fipronil, and spinosad belonged to category 3. The four remainders were judged to be harmful pesticides (category 4). Five chemicals in two fungicide groups, except the mixed compound of carbendazim and mancozeb, were not significantly different from the control and were harmless pesticides. Table 3 shows the percent mortality of eggs and immatures of N. longispinosus in the fresh residual test. Amitraz was the most toxic pesticide to the eggs (100% mortality), followed by carbaryl, chlorpyrifos+cypermethrin, methomyl, carbosulfan, chlorpyrifos, cypermethrin and ethion. Twenty-one of 29 pesticides caused only 0-26% mortality to the eggs, not significantly different from the mortality in the control. These pesticides had small if any toxic effect on egg hatchability of N. longispinosus. However, they caused extremely high mortality to immatures that hatched from the eggs. For example, abamectin and Table 4 . Percent mortality of adult female N. longispinosus after a 48-h exposure 7 days after pesticide application.
Pesticides
% mortality of adult females fipronil had no lethal effect on egg hatchability, but their residuals caused considerably high mortality to immatures (Table 3) . High immature mortality also resulted with fenpyroximate, pyridaben and propargite. The results indicated that the least harmful pesticides to the eggs and immatures were validamycin and carbendazim, followed by acetamiprid, imidacloprid, buprofezin, fenbutatin oxide, fenobucarb, dinotefuran, indoxacarb, tebufenozide, and petroleum oil (Table 3) . Seven-day residual test Table 4 lists the mortality rates of adult female N. longispinosus in the 7-day residual test of each pesticide. Almost all pesticides showed lower toxicity to the predators than in the fresh residual test. In the acaricide group, fenbutatin oxide was least toxic to the predators, as in the fresh residual. Very short persistence in toxicity was observed in methomyl, dinotefuran, indoxacarb and carbendazim+mancozeb. These compounds were no longer Table 5 . Percent mortality of eggs and immatures of N. longispinosus after a 48-h exposure 7 days after pesticide application.
% egg mortality toxic to predators 7 days after application to the leaf. Toxicity also decreased drastically in tebufenozide, acetamiprid and spinosad. However, 100% mortality was maintained in carbosulfan, chlorpyrifos and chlorpyrifos+cypermethrin. Other pesticides (ethion, amitraz, cypermethrin, fipronil and carbaryl) were still highly toxic even after 7 days. Table 5 shows the mortality of eggs and immatures of N. longispinosus after a 48-h exposure in the 7-day residual test. Compared to the results of the fresh residual test (Table 3) , the adverse effect of almost all pesticides tested had decreased after 7 days. Among 23 pesticides, the residual of methomyl, imidacloprid, dinotefuran, indoxacarb and tebufenozide did not have any lethal effect on either eggs or immatures. The effects of abamectin and spinosad were markedly reduced after 7 days, but amitraz, cypermethrin, carbaryl, carbosulfan, chlorpyrifos and chlorpyrifos+cypermethrin showed persistent toxic effects.
DISSCUSSION
Our results showed that fenbutatin oxide is the least harmless pesticide to N. longispinosus. Similar results have been reported for P. persimilis (Samsøe-Petersen, 1983; Hassan et al., 1987) , T. pyri and A. potentillae (Hassan et al., 1987) and N. womersleyi (Amano et al., 2004) . Furthermore, as was found in this study, buprofezin and tebufenozide are also known to be harmless to N. womersleyi (Hamamura and Shinoda, 2004; Mochizuki, 2003) . The fungicides, mancozeb and carbendazim are also considered to be harmless to N. longispinosus. This result is consistent with the result reported by Hassan et al. (1987) : these fungicides were harmless to P. persimilis, though they were very harmful to T. pyri and A. potentillae. Our study showed that mancozeb was not toxic to adult female but caused high mortality to eggs and immatures of N. longispinosus. This result is similar to that reported by Mochizuki (2003) on N. womersleyi in Japan.
The acaricides, fenpyroximate and pyridaben, were found to be harmless or slightly harmful to adult female N. longispinosus, but the results were different from those reported by Mochizuki (2003) and Amano et al. (2004) : the acaricides were moderately harmful to N. womersleyi. Kim and Paik (1996) reported that fenpyroximate had no lethal effect on egg and immatures of N. womersleyi. In contrast, our study showed that it was highly toxic to immatures, although it was harmless to the adult female. Our result in abamectin is consistent to Ibrahim and Yee (2000) , who showed that abamectin was toxic to N. longispinosus, while Zhang and Sanderson (1990) suggested that this chemical was not highly toxic to P. persimilis.
We confirmed that amitraz is an extremely harmful acaricide to N. longispinosus. A similar result has been reported previously: Amitraz was harmful to P. persimilis (Hassan et al., 1987; Samsøe-Petersen, 1990 ), A. californicus and N. womersleyi (Amano et al., 2004) . The board-spectrum pesticides, ethion, cypermethrin, chlorpyrifos and carbaryl were also confirmed to be harmful to N. longispinosus in this study. As reported previously, carbaryl was harmful to A. fallacis (Croft and Nelson, 1972) , A. potentillae and T. pyri (Samsøe-Petersen, 1990 ). Moreover, Singh and Singh (2005) recently found that ethion was harmful to N. longispinosus.
Although our results are solely based on a toxicity test in the laboratory, we conclude that the pesticides harmless to N. longispinosus are fenbutatin oxide, buprofezin, fenobucarb, imidacloprid, dinotefuran, validamycin, carbendazim and sulfur. These chemicals are selective pesticides that can be used at the recommended concentrations for controlling the target pests on IPM crops with the least hazardous effect to the native predatory mite, N. longispinosus in Thailand.
